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Molecular epidemiological characteristics of Salmonella isolated from
chickens in Jiangsu province
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Jing 210014, China)

Abstract: In order to clarify the molecular epidemiological characteristics of Salmonella from chickens in Jiangsu prov-
ince, 1 641 fecal samples of sick chickens from large-scale chicken farms in eight cities of Jiangsu province were collected to iso-
late Salmonella, and the sensitivity of Salmonella isolates to antibiotics was determined by microbroth dilution method. Based on
the whole genome sequencing technology, the carrying status of drug resistance genes and virulence genes of the isolates was ana-
lyzed. The serotype of the isolates was determined by identifying the antigenic structure of Salmonella, and the epidemiological
characteristics of Salmonella in Jiangsu province were analyzed by multilocus sequence typing (MLST) and phylogenetic tree. The
results showed that 266 strains of Salmonella were isolated from 1 641 chicken manure samples, and the isolation rate was
16.21%. The resistance rates of the isolated strains to ampicillin and sulfamethoxazole were 56.39% and 55. 64%, respectively.
Multi-drug resistant bacteria accounted for 53. 38%. The proportion of strains carrying sul2, bla,,, , and tetA genes was 59.40%,
56.77% and 39.10%, respectively. A total of 21 ST types
were identified by MLST, of which ST11 accounted for
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TEZ R 5 bh(1998—) , 53 TR 5 (2 AL - BFE L L BFSE J71 H 49.62%. The serotypes were mainly enteritis, pullorum dis-
A SR E A, (E-mail) swh19139013194@ 163.com ease, typhoid fever and Indiana. The Salmonella isolates were
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tively close, and the genetic relationship between different farm isolates was far. The results of this study provide a basis for the

precise prevention and control of Salmonella in chickens in Jiangsu province.
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WY VDT A A T RS AR A R R
B FKam LEYRImET, HAeko 2% %2 600
ZRIER D TIE . DI E4E F321.8x10°
BIRETEPENR , I HLE i 450 A AFET-, 76 TR E 5% )R
[k U A A Ay S E VA

KA RIR, U0 1) B 2 v 1l 28 8 A0 v P DA T i
FEMBORR ., H AP ERIE TR nE N A
300 Z A, Horb L0 7€ W 48 0 FI A5 LT AL K
N IR 2502 b E B iR v T A T
B AE BB 25 R, S BO0 TR A 25 12 A
wahn H BN T ZEWAES A X E TR
FTBOUD TR LG Y 22 S, U0 1T 08T 7 3 ) P 24 26 LA
L5 AARTE], S0 1 2%l DXV 1) T 10 T 2415 B A7
TE—EBIZESE 1T 50 47K, AR (U AIEL T 73 B
R T T R ORT i Je P ol e 5 245 AR A v, T LU AR A
OB ARV T TR TR AR S 0N P AOR Y B 2R i 2 AR A
w0 PRI, DX R YD 1) T A T 245 R O 3 AT o
XU B RS HE R AR A R LT

BEE L5 B AR B K R i 3 4 ik D5 28 0
(Whole genome sequencing, WGS) 0] LATREARAGVR]
BT B LA R M 25 D A R ik, R i 25 v 1)
B HEAC LA L) R fe 2 KU VLR R R &
FHHE Ay , BIRCA FEWL TFRILIRAA XS IR
I I 7 YR 24 38 S R AURRE A5 ' (L
DI/, HXD T TR TR 25 55 A e 3 ) L TR ik = 73
Mro NS ERSER VIR A VT TR BTG , A5 ML
TR 8 TH LA XS % 58 7 R A M W9 X8 FERE AT 641
(MBS liibuRese- SN E SR A s % NI 2§ A i
RGP R T 245 56 R FN R ) BE PR 1 L 20 A
BT M3 200 ¥ 51 53 8 (MLST) Fl R Gt Ak
WL RIS T T B TRA T O , VL5 L XA
VDT TR RORSHERINR S HE R 2R

1 ARSIk

1.1 BIIENSBELE
2016 4F 6 H 3] 2020 4F 12 H, NITLH 5 . 3%

Salmonella isolated from chickens; epidemiology; serotypes; multilocus sequence typing; resistance

M R M TR I AT 8 T AL
XSFETE G R L MG 2SR AL 641107, FRELAFEA
25 g HrEREA I B SEA 225 mL 2% P R K
(BPW) IR RAE AR SEHE 5] IS T T 36 C
PR PR , 73 160 r/mind®3% 12 h, FJE B 1 mL K
FEIEIRA WA Z]EA 10 mL PUBLEE RN 52 ok 45
FEIL(TTB) BRI, 42 CHiFE 24 h, B g4
J& , FHAZERh PR 33 W TR A R b B AR 435 77 2 ( BS)
T BRI, T 36 CH5FE 36 h, PRECEAR - HA 4
JE IR R A AR EAEURSRE R T BT LB Rz
I AN TR R
1.2 ke

K R R BV T TR o B MR T T Tl
MR IR I BT IE 25 R A
i ke RIFEE R R KE R WA R LT
R FOREE AT B R BRI E  ARYE CLSI
(e RS 36 2 b o Dp 2 ) 1 1) 245 ) 0 P 4 BT A
HEXT IR0 25 R TR
1.3 16S rRNA PCR ¥E

fiiFH DP302-2 41 B 2 [H 41 DNA 2 Bk &
(AU R A AR A BR 2 w77 ) 48 B 1 4 5
RIS DNALS JEREEL 16S rRNA Fil invA FERH
79735, 5193 1 Fis, PCR OWAKRR 20 pL: I
TSI ¥4 1 wl, Es TagMaster Mix 10 pL, B 2
pl,ddH,0 6 pL, PCR F&/¥:94 CA5 4 5.0 min; 94
CAM 30.0 5,55 CiE Kk 30.0 5,72 CHEf 1.5
min, 30 MEF; 72 CLEMH 10. 0 min, PCR 2B /=
YA TSR R e L Uk, BH 5 SR B 4T R R
WIRHA BR S 7 2T Tlumina HiSeq2000 I F &
(3£ Numina 23 77 i ) #EA7 23 F AT
£ 1 invA EEF016S rRNA B3 185|955
Table 1 Amplified primer sequences of invA and 16S rRNA

HOSE 31446 FEBI(5'3") 7 f{{ﬁ”‘
invA invA-F AAAAGAAGGGTCGTCGTTAG 280
inwA-R TACCACTCGCATCAAATCAA

16S rRNA  16S rRNA-F  AGAGTTTGATCCTGGCTCAG 1 400
16S rRNA-R AGAGTTTGATCCTGGCTCAG
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{8171 Biostack BAXH I 45 21 (14 J5L 46 1P 91 i 47
ALPEE B Prokka BXT PFE IS 1 B K 4H ¥ 51
PEAT R, A Mash AT TR ARG LT
M5, i iToL ELR A Y IR M R E R E
B3 S 2%, AR [ L S A 92 T (Institut Pas-
teur) ) MLST ( 245 15 77 31) 43 ) 088 1% (hitps . //
bigsdb.pasteur. fr/) H1 7 4~ 5 BE O 5F 19 5E K (hisD |
purkl sucA (aroC | thrA | dnaN H hemD) J7 3, 43 B7 43+
EARBN VDT TR LB P 3 4 B (ST O ST
AT H 0 (CGE) B9 SeqSero2 1ML 43 74 i 45
J% ( https ://www. genomicepidemiology. org/) J I J¥
1R RV P bR 4 3L R A 212 7 90, i U0 1T S
({1775 %, {#FH Res Finder il VFDB Finder 44 ¢
F2 DINESBEBEARIENFR S

ST T 25 R 1
2 RS

2.1 GIHES XD ITERITER

VLIS 8 T 641 R i b e o3 B8 S5 266
PRUDT TR B RR, 2P B RN 16.21%, Horp H M T 3738
YR EREAR BV T TR 53 B % 5 w25, 12% 5 st it
SRAEREARVD T T 43 BRI, 4 10. 20% ; HEZE T | e il
T FRIT AR AT B T SRR D
TS B RN 11.94% 13, 53% 14. 42% 15. 42% |
18. 88% 20. 68% , 415 e R IR Y b A s BIIG 22
h 1 R T 49. 62% X I AL 13.53%  EJ) AR A g A
10. 90% AR A7 FERL 9. 40% , Horp W R UDT 1 7E45 T
RS ARG R e (£ 2) .

Table 2 The isolation situation of Salmonella and the proportion of main serotypes

FEBPPITR MR G (%)

o v ° o 9 4 FEAREiTE| ENgE 2o 1y ERGE L]

[P 255 26 10.20 61.54 11.54 7.69 11.54
M 214 33 15.42 45.45 15.15 9.09 6.06
ik 215 31 14.42 41.94 12.90 9.68 9.68
72| 232 48 20.68 54.17 6.25 10.42 8.33
Lipas 196 37 18.88 45.95 10.81 10.81 10.81
HliS7S 201 24 11.94 50.00 16.67 8.33 12.50
gl 195 49 25.12 51.02 16.33 16.33 8.16
Eapiil 133 18 13.53 44.44 27.78 11.11 11.11

2.2 AW 100
SSTEARBIY 266 BRYDTTEIXE 10 A bL 254 1Y 80

HURPEGE 1 R, ANEIHA LA 266 R 5T 2 §J 60

PR 7 PR TR 28 3R 05 85, 38 56.39% , il & 40

W R K 55,64 %, 266 T E I T

XIRKRFEER JUAER  FIRERME VIR ER 255
NF30% ~40% , X FAJE 75 FIAR - R 55 K 19 T
ZRATF10% ~ 30% , % Bk vh B T 25 R e ik, by
6.39%, i 3 F & DL b BT 25 W £ i 2y
(MDR) B BE N 142 8k, (543 BV 1] 1 S BR B
53.38% , Ho A7 5 BRXF 10 R 25 W08 B AT i 25
PR, 5B E S 1. 50%
2.3 TAEEKEN

FET MR HE DI FI0M %5 Res Finder MJ3BS753 ()
266 FRUPT TR BRI S 21 64 AN 2453604 (% 3)

LRI 259
WU R AT LG B P RURI R A LG O 2R L
a ZRTIMG b B P REmME, e R KE R d: FIBE R e IR
0L 2P g BRI s h AR T 1 B 2 BT .
E1 SEEEEGRE ST

Fig.1  Proportion of drug-resistant phenotypes in isolated

strains

F34E 16 DREMFH IS [ aph (3")-1b \aph (6)-1d
aph(4)-la .aph (3")-la .aac(3)-Iva .aph (3')-1la .aac (6")-
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Ib-cr5 ant (3")-la aac (3)-1ld . aadAl . aadA2 , aadAS . aa-
dA16 aadA22 .aadA27 .aadDI1 ] 12 A~ B-N BERE 1T 24 5k
(blagigys blagyy, blacyy.iu blacyys blacyy.ss .
blacrc e~ Olapy,« blagy . blaggy ;. blagy n blay, .
bla gy, ) 9 A1tk i 2 i 25 FE ] (sull | sul2  sul3 dfrAl
dfiAI2 dfiAl4 dfrAl7 dfrA27 dfiA32) 7 A~ DUIRZR 2 24
FLN (tetA tetB teiC tetG tet] tetM tetX4) 6 TEEFEIS
ML (catA catAl catB3 cmlAl «cmlAS floR) 6 TV
PR 2 3 K] (ogrA LogxB .qniAl .qnrA3 .qnrDI .qnrSI) 4
AMEEF RN 2L (fos fosA3 fosAT.2 fosA7.3) 2 K
PRSI 25N (mphA mphE) (2 A~ FIARFS 2 2
®3 KUHAHAER

Table 3 The detected drug resistance genes

(arr-2.arr-3) o 59. 40%KP) 53 B MR AE R e IS i 24 2 D
sul2 F1 56.77% F) 73 B bR 485 415 B-PA) It M IS fif 25 22 ()
blaygy, o M IS 24 5 aph (3")-Ib Japh (6)-1d
aadAS , VIIAZEZRITZYFE A 1etd | BEE RIS 25 LA floR,
T2 LR dfiA 17 WOREHPRIIHE 20% L) 1, 95% L
R ER AT AR 20 1 B R 2RI L TR 24
LD AN 245 5 PR AL 5 it 24 SR AL B B AT A
R T BT A2 T 235K (ogaA (ogxB qnrS1 qniAl
qnrA3 1 greDI) SR AIFF 53R 60.71% , H5
FIAEAE bR T 245 5 PR A AR K - 198 g 5 i XS i 2
;@[ 18] .

A FE I fiff 24 32 A1 TR H R KR (%) || P fiff 24 32 A Fr 2 R AR AR (%)
BT 2 aph(3")-Ib 104 39.10 sul3 14 5.26
aph(6)-1d 103 38.72 dfiAl 13 4.89
aph(4)-la 40 15.04 dfrAI2 10 3.76
aph(3')-Ia 25 9.40 dfrA14 9 3.38
aac(3)-lva 39 14.66 dfrAl7 61 22.93
aph(3')-1la 1 0.38 dfiA27 1 0.38
aac(6')-Ib-cr5 36 13.53 dfiA32 2 0.75
aadAl 20 7.52 [ERTATES ogxA 28 10.53
ant(3")-la 1 0.38 oqxB 27 10.15
aac(3)-1Id 4 1.50 qnrS1 12 4.51
aadA2 20 7.52 qnrAl 2 0.75
aadD] 1 0.38 qnrA3 1 0.38
aadA16 1 0.38 qurD1 1 0.38
aadA5 61 22.93 FlHT-2 arr-2 5 1.88
aadA27 2 0.75 arr-3 36 13.53
aadA22 1 0.38 BRI fos 4 1.50
B-PIBE DS blacypp.s 8 3.01 JfosA3 35 13.16
blagyy., 1 0.38 fosA7.2 3 1.13
blagryanre 11 4.14 fosA7.3 1 0.38
blagry s 2 0.75 [UEZNE tetA 104 39.10
blagry.a.ss 2 0.75 tetB 9 3.38
blagry.a.es 23 8.65 tetC 2 0.75
blayy,., 2 0.75 tetG 9 3.38
bla gy, 2 0.75 tet] 2 0.75
blagy,., 35 13.16 tetM 1 0.38
blagys.1o 5 1.88 tetX4 3 1.13
bla gy 4 1.50 AEEE catA 2 0.75
blaggy-, 151 56.77 catAl 20 7.52
KA NEEH mphA 6 2.26 catB3 36 13.53
mphkE 2 0.75 emlAl 12 451
itk e sull 48 18.05 cmlAS 5 1.88
sul2 158 59.40 floR 58 21.80
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24 FBAEF

ST B EOW B R 1 I (VEDB) U, 2
ESRFEIRY 266 BRUDT T IR 160 455 1 2 A
(F4), BB IIHF csgd | esgB . esgC L esgD
esgE | csgl | csgG | IpfD . misL | raiB | shdA | sinH . fimA |
fimC fimD fimF fimH fiml fimW fimY fimZ , VI#43
WA R STM0266 . STM0267, STM0287 .
STM0289 \tldel , W 74 73 25 G 45 i 25 P halA (il C |
hilD .iacp . iagB .invA | invB | invC | invE | ik | invG | in-
vH (invl inv] .orgA .orgB .orgC .prgH .prgl .prg] .prgK .
sicA | sipB | sipC | sipD | sicP | spaO ., spaP . spaQ . spaR
spaS . sprB . spiC . ssaC . ssaD . ssaF . ssaG . ssaH . ssal |

ssaf | ssaK | ssal | ssaM | ssal | ssaQ . ssaP | ssaQ) . ssaR .

R4 RAHHEHER

Table 4 The detected virulence genes

ssaS ssaT ssalU ssaV . ssaX . sscA  sscB . sseA  sseB  sseC .
sseD sseE  sseF | sseG | sstA  ssrB | slrP | sspHI | sspH2 | si-
PA . sopA . sopB | sopD | sopD2 | sopE2 | sptP | steA | steB
steC .pipB .pipB2 . sifA . sifB . ssel \sse] . ssel sseK2 HAth
FHETRE S LN mgtB . mgtC . mig-14  fur . phoP . pho() .
pmrA pmrB rpoS BIKE ) FIITE 90% LA L, i A eE &R
FHICIEM cdtB pltA pltB R HREAR, BLAh, &
BRI HEHT AN R R A SEIE A spuB spuC  spuD 535
BRI 191 Bk (193 BRF1 193 Bk, X LERED I S 2
S5 E RGEPR L AT D TR RE2 A
TET R B FETTE T, spo 35 1 5 K A B2k
SRBOPITRE IS B

BAEHEZS w WK il BAERXH wy WM KR
— oK Yk R R (%) || gk — gk HHE BB (%)
RhBET LT esg 241 90.60 STM0268 119 44.74

csgB 266 100.00 STM0269 119 44.74

csgC 265 99.62 STM0270 119 44.74

esgD 265 99.62 STM0271 133 50.00

esgE 265 99.62 STM0272 133 50.00

esgh 265 99.62 STM0273 124 46.62

esgG 265 9.62 STM0274 124 46.62

KMEE IpfA 226 84.96 STMO275 119 44.74
Ip/B 226 84.96 STM0276 121 45.49

IpfC 26 84.96 STM0278 114 42.86

Ip/D 265 99.62 STM0279 121 45.49

IfE 230 86.47 STM0280 122 45.86

Bk misL 265 99.62 STM0281 122 45.86
iy bl pefA 178 66.92 STM0282 123 46.24
pefB 178 66.92 STM0283 121 45.49

pefC 178 66.92 STM0284 121 45.49

pefD 178 66.92 STM0285 123 46.24

ratB 265 99.62 STM0286 122 45.86

shdA 265 9.62 STM0287 242 90.98

sinH 265 99.62 STM0289 251 94.36

PHEE SfimA 261 98.12 STM0290 104 39.10
SfimC 265 99.62 VIS UABE I 7 taed 117 43.98

fimD 265 99.62 tldel 240 90.23

fimF 265 99.62 MRVHBRGER S 1 hild 264 99.25

SfimH 265 99.62 hilC 265 9.62

Sfiml 262 98.50 hilD 265 99.62

SfimW 265 99.62 iacp 265 99.62

SfimY 265 9.62 iagB 265 99.62

fimZ 265 99.62 invA 265 99.62

BN RS VBB RS(T6SS) STMO266 248 93.23 invB 265 99.62
STM0267 246 92.48 inC 265 99.62
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#%&4  Continued4

it P Al BARRXAH w WM KR

S — gk R RIE (%) || gk — gk HH O BE (%)
invk 265 99.62 sseC 264 99.25
il 265 99.62 sseD 264 99.25
invG 265 99.62 sseks 264 99.25
invH 265 99.62 ssel’ 265 99.62
invl 265 99.62 sseG 265 99.62
invJ 265 99.62 sstA 264 99.25
orgA 265 99.62 ssrB 265 99.62
orgB 264 99.25 RL53-00 RGN ) slrP 265 99.62
orgC 265 99.62 sspH1 243 91.35
preH 265 99.62 || EAEA RIS e | avrA 228 85.71
prel 265 99.62 sipA 265 99.62
prg] 265 99.62 sopA 265 99.62
preK 265 99.62 sopB 265 99.62
sicP 265 99.62 sopD 265 99.62
sicA 265 99.62 sopE2 265 99.62
sipB 265 99.62 sptP 265 99.62
sipC 265 99.62 steA 265 99.62
sipD 265 99.62 ste3 265 99.62
spa0 265 99.62 T3 W8T -2 gogB 58 21.80
spaP 265 99.62 pipB 265 99.62
spaQ) 265 99.62 pipB2 265 99.62
spaR 265 99.62 sifA 265 99.62
spaS 265 99.62 sifB 265 99.62
sprB 265 99.62 sopD2 265 99.62
MARVFRGF 152 spiC 265 99.62 ssel 261 98.12
ssaC 265 99.62 sseJ 265 99.62
ssaD 265 99.62 sseK1 236 88.72
ssakl 262 98.50 sseK2 265 99.62
ssaG 264 99.25 ssel 265 99.62
ssaH 264 99.25 sspH2 243 91.35
ssal 265 99.62 steC 265 99.62
ssa] 265 99.62 | HAlh MR spvB 191 71.80
ssaK 265 99.62 spoC 193 72.56
ssaL 265 99.62 spvD 193 72.56
ssaM 265 99.62 cdiB ) 16.54
ssalN 265 99.62 pltA 43 16.17
ssa0 265 99.62 pliB 43 16.17
ssaP 265 9.62 FREEMR rck 176 66.17
ssaQ) 265 99.62 EIHX mgtB 265 99.62
ssaR 265 99.62 mgtC 265 99.62
ssa$ 265 99.62 LIPS sodCI 209 78.57
ssaT 265 99.62 BUEF mig-5 192 72.18
ssalU 265 99.62 mig-14 265 99.62
ssaV 265 99.62 PETIARG Sur 266 100.00
ssaX 265 99.62 phoP 265 99.62
sscA 265 99.62 phoQ 265 99.62
sscB 265 99.62 pmrA 265 99.62
sseA 265 99.62 pmrB 265 99.62
sseB 265 99.62 rpoS 266 100.00
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266 HRIPI T BRI RS L B X R WK 2 B
7N MR LI 266 BRTD 1] 4 B Rk Al %143
R 5 A AL 3 3, 45 A 51 3 PR R T AT Y
FEPRNHE ) LR R B 5 AL, 5 SeqSero2
LT A3 BB 12 HE X i, 266 R VD 1T 20 B bk T 43
K15 AN (R i v 2, b i 48 XS R B
90 B0 TE S B BT N VE R, B RR S E A R
49.62% .13.53% .10.90% F1 9. 40% , 266 1% ¥k i)
ZA7 ST A 3 B (MLST) 2237045 21 AR 1Y 5 571
PRY(ST) , Hirr ST11 MR, itk 49. 62% .,
] — ST ZUA Al e AR A5 32, (R AN [ 1
XRATHI PSR Sy ST B R R VDT T, (EAS7E
RS, B R P IS ) 12 BB AL I I A Rk LA
K 30 B ST BRI #E

3 e e

VI TR R B A & LR R, P E70% ~
80% Y2 BRIk IR S 2 P VDT T 5 ke A DRI
WRDTTR M A TeF EAEENE L, A
FEMITIRA 8 AT WAL A F5 58 3 () 2 rh st A 700
I TR B4, 0 SHLR 24 5 RN g 2 IR A AT R
PRGBGSR I T 00T, T RS IR U T T T AR
HEBTA AR 2K, AN R AR (X8 Fe AR A o
VI TR B RN 16.21% 13X 5 T #Z 7 AT 5E 45 3%
(16.10% ) —%, Sun %52 4 12 M 51 453
Yr3 56615 B FRE A B 81 323 BRVDTTH, 40
BN 9. 8% LT AMIFFTLE AR , X 1 HH SRATE Hl o5 %) AT
MROTESRA — 2 BRI, AT IT 43 B AR 21 266 FE
VDT TS e 15 ol g 80 A 21 A~ ST A&, i 75 74
PUAR KGN 3 5 ikl i T 45 R —
., A R T TR LSRN ST, 5 T
NI B (R 9 8 SR — B, T A DR 2 £14 1 37
ST17 EREFE e gl BRI [ TR W A 76 V1. 930 1 DX R AR 3t
113X S e T 4 R —3L,

P R 0K S B R 2500 1T B A
B, {5 1% TR 25 400 10 6 5 T Sy BRI, 8] LM AR 4 2 0
et AP P 25 BAS L N, RS 4
BIHY 266 FRYDTTEXT 10 Bl FHBT AR R A1 25 1% i
R, 40 B KRR SN UG MO 25 % ok M, ek
SO TR A AR X AT R T E B R AT
FRE A % . AW IE 5 B 266 BRUDTTH

ZE M 25 W B A 53.38%, I8 T il 74
(66.0%)7" . 7K AEH (82.61%) 7 L M Tl
(69.03% ) ! (1 Z2 T ifif 25 1 L A9, 16 B VT 5 b IX VD
TR b RO B S % K =W T 2 O g7 L E27E 7/ =
AT R, I ARG e A 2y, U
2% [CRAPE B R TSR B4, ARG TR b T TR 43
BT A T 245 ) (R T 245 2 (6. 39% ) B, Rt 88
JEFRFH A =TT OB M A A 245 0 A B IR VD T TR
(M E 25

oI B A T 245 BL A 55 5 0 A o 24 S R A G A
WFFEIN 266 BEVD T B 53 85 Ak v s I 3] 8- Tk e 285 |
LIRSS AN RS RS MRS R AR T
K AR RS DR E AHREE 9 KM HER,
T RIS 245 3L R rp sul2 K H R h5c i, oM 59. 40% , 3
L RAED I gE 45 R — 3k, 266 FRU T
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